Aim: the purpose of this study was to examine the effect of kickboxing training on physical fitness. Methods: 30 subjects were randomized into a kickboxing-group (n=15) and control group (n=15). Each group trained approximately 1-hour per day, three-times per a week during five weeks. Musclepower (upper-body: bench-press-test, medicineball-test; lower-body: squat-jump and countermovement-jump-test), flexibility, speed and agility, aerobic (progressive maximal exercise test), anaerobic fitness (Wingate test) and body composition were assessed before and after the training period. Results: the kickboxing group showed significant improvement (p < 0.05) in upper-body muscle power, aerobic power, anaerobic fitness, flexibility, speed and agility after training whereas body composition, squat jump and counter movement jump (height, power and velocity components) did not change for both groups. Conclusion: kickboxing-practice was effective to change many physical variables. Thus, this activity can be useful for enhancing physical fitness, but complementary activities and/or nutritional interventions should be necessary.
Introduction
It has been suggested that martial arts and combat sports can have positive effect on physical fitness and health 1, 2 . The effect of martial arts and combat sports practice (i.e., Judo, Taekwondo, Karate) was investigated in several studies among youth 3, 4 , adolescents 5, 6 , elders [7] [8] [9] and people suffering from some disorders (e.g., developmental coordination disorder, multiple sclerosis) 10, 11 . Most of these studies reported that martial arts and combat sports training involved a significant improvement in physical and motor abilities. However, only a few longitudinal studies confirmed its benefits to health-related physical fitness variables 12, 13 . Tsang et al. 12 reported that three 1-hour kung-fu session per week during half an year did not result in significant different impact over healthrelated anthropometric variables and body fat (estimated via Dexa) compared to tai-chi-chuan "placebo" group. Conversely, Yoshimura and Imamura 13 reported absolute and relative VO2MAX increases in women taking part in a 30-min basic karate session conducted four times per week during 10 weeks. However, no change was observed in the control group. Thus, the benefits of martial arts training programs on physical fitness are controversial. As in karate, the kickboxing training session involves basic skills, combination exercises and sparring drills 14 . Recently, Jackson et al. 11 investigated the kickboxing training effects on balance and mobility impairments among people with multiple sclerosis (MS) and demonstrated that it can be a feasible activity to improve balance and mobility for individuals with MS. Except for the study of Jackson et al. 11 , there is no other published study that has focused on examining
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The effects of five weeks of kickboxing training on physical fitness the effect of kickboxing regimen training on different physical fitness variables among healthy adults. Thus, the aim of this study is to investigate the effects of five weeks of kickboxing training on different physical fitness among young adults.
Materials and methods

Subjects
Thirty participants were recruited to participate in the study. In order to eliminate any gender effect, only male subjects were recruited. The Subjects were randomly assigned to a kickboxing training group (n=15) or a control group (n=15). The characteristics of the two groups were (age: 20.9 ± 1.4 years, weight: 72.3 ± 7.5 Kg, height: 1.8 ± 0.1 m, BMI: 22.7 ± 2.9 kg·m -2 and body fat: 12.6 ± 3.5 %) for kickboxing group and (age: 21 ± 1.5 years, weight: 73.1 ± 8.4 Kg, height: 1.9 ± 0.4, BMI: 23 ± 2.8 kg·m -2 and body fat: 12.8 ± 2.4 %) for control group. The two groups consisted of participants who never had been involved in any combat sports practice. Before the commencement of the study, subjects gave their written consents to participate in the study after explaining to them the risks and benefits of the study and they made a commitment to not participate in other physical activities during the period of training. The study design was approved by the local Ethics Committee and performed in accordance with the MLTJ guideline 15 .
Procedures
All subjects were tested before and after five weeks of kickboxing training. The athletes were familiarized with test procedures one week before the commencement of the assessments in control days. All assessments were performed at the same time of day to reduce the effect of diurnal variation on performance. The kickboxing program was performed three times weekly without additional physical conditioning sessions for five weeks with each session lasting 1-hour with a qualified kickboxing coach. The training duration was chosen in attempt to verify if a low volume of kickboxing training could bring significant improvement in physical fitness. The daily dietary were maintained as homogeneous as possible for all participants during the training sessions. To monitor the work intensity during the training session, participants' heart rate was recorded using Polar Team System heart rate (HR) monitors, with HR recorded every 5 seconds. The HR monitors were fixed using a roll bandage to prevent any kind of movement or contact, which could impair the operation of the apparatus. After each training session, HR data were downloaded to a computer using the Polar Precision Performance software.The intensity of different sessions was expressed in percentgae of maximal heart rate (HRMAX) and heart rate reserve (HRR) following the two formula: % HRMAX = (session HR/HRMAX)× 100 %HRR= [(session HR-resting HR)/(HRMAX -resting HR)]×100 (Fig.1) .
Kickboxing training program
The typical kickboxing training session was divided into 4 periods (Tab. 1). The first period was the warmup and the three (a, b and c) remaining ones (~11 minutes) were divided into bouts of 2-min of specific kickboxing exercices interspersed with 1-min rest. At the end of each period there was a 3-min interval of rest. At the end of these periods, there is a period dedicated for passive rest.
Control group training
The control group only performed activities including general physical exercises with some recreational sport practice close to physical education classes program for the same period of time with the command of a physical education's teacher. The training program consisted of a 15 minutes of warm-up period, 9-10 minutes period dedicated to some jogging at moderated intensities intercepted with period of rest. Then, a period of 18<20 minutes dedicated for some games from different physical activities (e.g., football, basket ball, tennis). The periods of effort were alternated with passive rests. At the end, 10 minutes of rest period dedicated to some muscles stretching exercises and passive rest.
Test procedures
Progressive maximal exercise test
The progressive maximal cycle ergometer test followed the protocol of Hansen et al. 16 with measurement of VO2max and maximal aerobic power (MAP) using a breath-by breath analysis system (Quark b2, COSMED, Rome, Italy). During the warm up, the subject pedals for 3 min at 20% of its theoretical maximal aerobic power (tMAP) and then the belt load was increased progressively by 8% of its tMAP every minute. The test was stopped when one or more of the following criteria were met: attainment of a VO2 plateau < 2.2 mL· Kg −1 min −1 ; respiratory exchange ratio (RER) > 1.10 or the subject was unable to maintain the required pace despite verbal encouragement.
Upper-body Wingate test
Subjects completed one bout of the upper-body Wingate test. Load was set at 4.9 N·kg -1 of body mass according to a previous study 17 . The test was performed on a Monark cycle ergometer (Monark 894 E , Vansbro, Sweden) equipped with handgrips for arm testing. The cycle ergometer was fixed on a table and the subjects were seated on a chair and fixed to avoid any trunc movements. At the start signal, participants were instructed to pedal as fast as they could for 30-s.
Lower-body Wingate test
The Wingate test was conducted on a calibrated friction loaded cycle ergometer (Monark 894 E , Vansbro, Sweden) equipped with toe-clips to prevent the subject's feet from slipping. To avoid an intra-individual effect of postural changes, foot position on the pedals, saddle height, and upper-body position were adjusted to each subject's satisfaction and maintained identical throughout the study. The Wingate test consisted of a 30-s maximal sprint against a constant braking resistance equivalent to 7.5 N·kg -1 . At the start signal, participants were instructed to pedal as fast as they could for 30-s and instructed to remain seated during the period of test.
Bench press throw test
The test was conducted using the Myotest device 18 . At the long beep, the subject lowered the barbell right to the chest and remained in a static position. When the device emitted a short beep, the participant drove the barbell up, aiming for maximum velocity by gripping it firmly until full extension of the elbows (the chest may lift off the bench). After the thrust, the arms' position stay extended and in the long beep, the athlete again lowered them into the bent position. After 5 repetitions, the double beep signaled the end of the test.
Medicine ball throw test
Each subject was seated on an adjustable bench with his back oriented vertically against a back support. Subjects were secured to the bench with elastic strapping placed around the trunk and the back rest at mid chest level under the maxillae to minimize the trunk movements during the put. Subjects were instructed to hold the 5-kg medicine ball (24 cm diameter) with both hands, bring the ball up quickly to touch their chest, and then explosively perform a chest-type pass. To facilitate measurement of distance, the skin 
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of the medicine ball was lightly dampened to leave an imprint on the floor where first contact was made. Each subject performed 3 trials with 45-s of rest inbetween and the best trial was maintained.
Squat jump test (SJ)
For the SJ, the subjects were instructed to start from a static position of 90° at the knee angle. Prior to the jump the position was controlled with a manual goniometer. During the jumps, hands were kept on the hips. The SJ test was realized using Myotest device in which the athlete followed the beeps emitted by the device and after 5 repetitions, the double-beep signaled the end of the test 18 .
Countermovement jump test (CMJ)
During the CMJ, the subject was instructed to rest his hands on his hips while performing a downward movement followed by a maximal effort vertical jump. All subjects were instructed to land in an upright position and to bend the knees following landing. After 5 repetitions, the double-beep emitted by the Myotest device signaled the end of the test 19 .
10×5 m shuttle run test
This test was used to assess the speed and agility. Subjects were timed on their ability to sprint as fast as possible 10 times between two lines 5 m apart.
Sit and reach test
Each subject was seated on the floor with knees fully extended and ankles in neutral dorsiflexion against the calibrated box. The subject was instructed to place one hand on top of the other and slowly reach forward as far as possible while keeping the knees extended. The hands were kept aligned evenly as the subject reached forward along the surface of the calibrated box. The Sit and reach test score (in centimeters) was recorded as the final position of the fingertips on the ruler.
Body composition
The body composition (i.e., percentage of body fat) was assessed using the skin-fold thickness at four sites-biceps, triceps, sub-scapular and supra-iliac as suggested by 20 .
Statistics
Data are presented as mean and standard deviation. Results Table 2 presents the aerobic and anaerobic adaptations to the training program in the control and experimental groups. There was also an interaction effect (F1,28 = 58.33, p < 0.001, η 2 = 0.68), with the kickboxing training group presenting higher values at post compared to pre and higher values compared to the control group in both moments (p < 0.001 for all comparisons). There was no effect of groups concerning the maximal aerobic power (P > 0.05), but there was an effect of moment (F1,28 = 29.55, P < 0.001, η 2 = 0.42), with 
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An effect of moment (F1,28 = 17.85, p < 0.001, η 2 = 0.39) was observed for the 5×10-m shuttle run test, with higher values post compared to pre. An interaction effect was also found (F1,28 = 6.32, p= 0.018, η 2 = 0.18), with the kickboxing training group presenting higher values at post compared to pre (p < 0.001) and compared to control group at pre (p < 0.001) and post (p = 0.004). Flexibility values also differed between moments (F1,28 = 243.04, p < 0.001, η 2 = 0.90), with higher values at post than at pre. An interaction effect (F1,28 = 115.53, p < 0.001, η 2 = 0.81) indicated that the difference was related to the kickboxing training group, which presented higher values at post compared to pre and compared to the control group at both moments (p < 0.001 for all comparisons). The body fat percentage, for both experimental and control groups, were (12.6 ± 3.5% and 12.8 ± 2.4% respectively before and (12.6 ± 3.4% and 12.9 ± 2.3% respectively) after the training period. There was no effect of group (F1,28 = 0.52, p = 0.082, η 2 = 0.02), moment (F1,28 = 0.504, P = 0.58, η 2 = 0.02) or interaction effect (F1,28 = 0.83, p = 0.37, η 2 = 0.03).
Discussion
The findings of the present study revealed that 5-weeks of kickboxing training involved significant improvements in aerobic power (i.e., MAP and VO2MAX), anaerobic fitness (i.e., upper-body peak power and lower-body mean power during the Wingate test) as well as improvements in muscle power (force output during CMJ test, performance in medicine ball and bench press throw tests), sprint and agility and flexibility in comparison to baseline and control group values. Conversely, the body composition, SJ and CMJ performances (i.e., velocity and power) did not show any changes for both groups. The present study showed that the kickboxing can be a suitable exercise for enhancing cardio respiratory fitness (13.2 ± 6.0 % and 11.2 ± 5.9 respectively for VO2 MAX and MAP). In the scientific literature, there is no consensus about the effect of martial arts training on aerobic fitness because there are many variables (i.e., training intensity, duration and frequency and the aerobic fitness initial levels of the participants) that can bias its effect. Therefore, some studies 6, 22, 23 demonstrated that combat sports' training did not show any aerobic improvement, while Toskovic et al. 24 showed that dynamic taekwondo workout can be a suitable exercise for enhancing aerobic fitness and therefore can be appropriately prescribed for cardiovascular conditioning. Similarly, Yoshimura and Imamura 13 showed that 30-min of basic karate training during 10-weeks can be an appropriate method for enhancing cardiovascular fitness. Recently, Haddad et al. 25 have shown that performing repeated taekwondo specific skills increased HR to the same level, and were perceived as producing the same training intensity as did short-duration interval running in adolescent TKD athletes to enhance aerobic fitness. Concerning our results, the aerobic improvement obtained after the kickboxing training may be associated with the intensity and training frequency.
Since the frequency of training sessions (three sessions per week) with the intensity of different training sessions that varied in a range from 71.3±2.% to 77.6±7.6% of HR max and 50.51± 5.66 % to 66.7± 7.4% of HRR ( Fig. 1 ) were in line with the guidelines for improving VO2MAX which recommend aerobic activity on at least 3 days a week 25 and that the intensities were in the range capable of improving and/or maintaining cardiorespiratory fitness (64-95% of maximal heart rate) 26 that our training program elicited cardiorespiratory improvement.
In the same way, anaerobic power for both upper and lower-body increased after the training program (upper-body peak power: 42.4 ± 62.4 % and lower-body mean power: 10.2 ± 15.9 %). Sterkowicz et al. 23 showed a significant improvement in anaerobic performance (i .e., time to generate peak power) after judo training. These results can be explained by the fact that the kickboxing is characterized by brief high intensity techniques (punches and kicks) where the effort is probably maintained by the Adenosine Tri Phosphate-Creatine Phosphate system 17 . Furthermore, the greatest anaerobic fitness obtained in our study can be supported by the training type, which is based on the execution, at high intensity, of powerful and repeated techniques simple and combined. Body fat percentage did not show any decrease after the kickboxing training. Our results are in line with the findings of Tsang et al. 12 which demonstrated that 6-months of kung-fu training was not associated with improvements in body fat percentage. Contrarily, other studies showed that Taekwondo 22, 24 and Judo 4 may be a suitable exercise form for fat burn. Despite there is no composition deemed unchangeable. These findings suggest that kickboxing seems to be not only a method for self defense but also a good way which can provide health promoting and a meaningful exercise for enhancing fitness among young adults. Thus, fitness instructors, strength and conditioning professionals may consider recommending kickboxing to their clients as a beneficial form of exercise to promote physical fitness and for preventing injuries by increasing muscles flexibility.
exact evidence why our kickboxing training program did not induce body fat decrease, some possible explanations could explain this fact based essentially on the training duration in our study (5 weeks) in comparison to other training program (12-weeks for) 22 . Moreover, the nature of effort in kickboxing sport (a high solicitation of anaerobic glycolysis) 17 may can't be a good exercise for weight control. Furthermore, the energy expenditure in training sessions may did not meet the ACSM guidelines 27 which noticed that exercise which can elicit 300 kcal as energy expenditure for a minimum of 3 days per week could lead to fat loss. One other possible explanation is that, despite the daily dietary were controlled during the days of training, we couldn't control it during the days off training and then the unchangeable body fat percentage may be the result of non controlled nutritional behavior during the training period. Otherwise, the kickboxing training was sufficient to induce increase in upper-body muscle power (i.e., performance in medicine ball (13.5 ± 12.8 %) and bench press throw tests: 13.6 ± 10.0 and 8.1 ± 6.8 % respectively for power and velocity components) and lower-body only for CMJ test (i.e., improvement in the force component by 8.2 ± 6.7 %). More likely, specific changes in muscle power may be explained by the fact that training stimulus (i.e., intensity and duration) may caused some neural adaptations (e.g. increases in muscle fiber recruitment, intramuscular coordination) 28 . Furthermore, the most skeletal muscles adaptations for upper than lower body noted in our study can be explained by the specificity of kickboxing where kickboxers tend to use more punches techniques than kicks 14 and then muscles of upperbody were maybe more solicited than muscles for lower-body. For the speed and agility, the improvement obtained (6.5 ± 5.4 %) may be assigned to specific movements in kickboxing which involves repeated fast stepping and displacements which are characterized by agility and velocity 17 . The improvement in flexibility (14.4 ± 4.0%) after the kickboxing training may be a result of the training's regimen in kickboxing. Coaches make an emphasis on the development of this basic fitness component to handle the technical and tactical aspects of this sport since the kicking in high amplitude can be a good strategy to obtain more points in the score and require the development of muscles and joints flexibility. Thus, the kickboxing training may provide a method for preventing injuries by enhancing muscles flexibility and provide preventive health benefits.
Conclusion
In conclusion, the present study showed that the kickboxing training induced several benefits for aerobic and anaerobic performances, muscle power, speed and agility and flexibility whereas performance during Wingate upper (mean power) and lower body test (peak power), lower body power in SJ and CMJ (height, power and velocity components) and body
